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Fig. 1Diagram of Domains
and Mappings for
$\mathrm{A}\mathrm{L}\mathrm{E}$ Description









2 $\xi^{\alpha}(\alpha=1,2)$ Fig. 3
$\phi_{0}(\xi^{1}, \xi^{2})\in \mathbb{R}^{3}$ $\phi(\xi^{1}, \xi^{2})\in \mathbb{R}^{3}$










$a_{0\alpha\beta}=\phi_{0,\alpha}\cdot\phi_{0,\beta}$ , $a_{0}^{\alpha\beta}a_{0\beta\gamma}=\delta_{\gamma}^{\alpha}$ (4)
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$W(\epsilon_{\alpha\beta}, a_{0}^{\alpha\beta})$
$W( \epsilon_{\alpha\beta}, a_{0}^{\alpha\beta})=\frac{1}{2}H^{\alpha\beta\gamma\delta}\epsilon_{\alpha\beta}\epsilon_{\gamma\delta}$ (5)
$n^{\alpha\beta}$ Green-Lagrange $\epsilon_{\alpha\beta}$
$n^{\alpha\beta}= \frac{\partial W}{\partial\epsilon_{\alpha\beta}}=H^{\alpha\beta\gamma\delta}\epsilon_{\gamma\delta}$ (6)
$H$ $E$ $\nu$
$H^{\alpha\beta\gamma\delta}= \frac{Eh}{1-\nu^{2}}\{\nu a_{0}^{\alpha\beta}a_{0}^{\gamma\delta}+\frac{1}{2}(1-\nu)(a_{0}^{\alpha\delta}a_{0}^{\beta\gamma}+a_{0}^{\alpha\gamma}a_{0}^{\beta\delta})\}$ (7)
$v$ $\xi^{\alpha}$ $A$ $\phi$
$N( \varphi;v)=\int_{A}n^{\alpha\beta}v_{(\alpha,\beta)}.j_{0}d\xi^{1}d\xi^{2}-G_{\mathrm{e}\mathrm{x}\mathrm{t}}(v)=0$ (8)
$\ovalbox{\tt\small REJECT}=|\phi_{0,1}\cross\phi_{0,2}|$ :
$v_{(\alpha,\beta)}= \frac{1}{2}(\phi_{\alpha},\cdot v_{\beta},+\phi_{\beta},\cdot v_{\alpha},)$ : $v$
$G_{\mathrm{e}\mathrm{x}\mathrm{t}}(v)$
$\xi^{\alpha}$





$+D_{\phi_{0}}N(\phi_{0}, \phi;v)\cdot U+D_{\phi}N(\phi_{0}, \phi;v)\cdot u-G_{ext}(v)$ (10)
(10) 3
$D_{\phi}N( \phi_{0}, \phi;v)\approx\int_{A}(H^{\alpha\beta\gamma\delta}u(\alpha,\beta)v(\delta,\gamma)+n^{\alpha\beta}\phi_{\alpha},\cdot u,\beta)j_{0}d\xi^{1}d\xi^{2}$ (11)
125
(10) 2
$D_{\phi_{0}}N( \phi_{0}, \phi;v)\cdot U=\int_{A}\{a_{0}^{\gamma\delta}-2(H^{\alpha\beta\gamma\delta}+\overline{H}^{\alpha\beta\gamma\delta})\}v(\alpha,\beta)U<\gamma,\delta>j_{0}d\xi^{1}d\xi^{2}$ (12)













. (Fig. 6 )
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(a) Initial shape (b) Deformed shape
Fig. 5Flat initial shape and corresponding deformed one
(a) Initial shape (b) Deformed shape





$[6, 7]$ ALE Total Lagrange
3
$S\in[0, L]$




$E_{3}= \frac{d\phi_{0}}{dS}$ , $E_{2}=E_{3}\cross E_{1}$ (13)
$S$
$|| \frac{d\phi 0}{dS}||=1$ (14) Fig. 7. Initial configuration of rod
$\Pi\subset \mathbb{R}^{2}$




$\phi\ovalbox{\tt\small REJECT}(0, L)arrow \mathbb{R}^{3}$
(S) $\}$ $\{E_{\ovalbox{\tt\small REJECT}}(S)\}$ (S) $\}$
A $\ovalbox{\tt\small REJECT}[0, L]arrow \mathrm{S}\mathrm{O}(3)$ (SO(3) )
$t_{I}(S)=\Lambda(S)E_{I}(S)$ (16)






















$N=Q^{t}\Lambda^{t}n$ , $M=Q^{t}\Lambda^{t}m$ (24)
$\phi$
$\eta_{\text{ }}$ A $\Theta$
$\theta$
$N( \phi, \Lambda;\eta, \theta)=\int_{[0,L]}\{n\cdot(\frac{d\eta}{dS}-\theta\cross\frac{d\phi}{dS})+m\cdot\frac{d\theta}{dS}\}dS-G_{ext}(\eta, \theta)$ (25)
G $xt$ $(\eta, \theta)$ $(\eta, \theta)$
St. Venant-Kirchhoff
$\{\begin{array}{l}NM\end{array}\}=\mathrm{C}\{\begin{array}{l}\Gamma\kappa\end{array}\}$ (26)
$\mathrm{C}=\mathrm{D}\mathrm{i}\mathrm{a}\mathrm{g}[GA_{1}, GA_{2}, EA, EI_{1}, EI_{2}, GJ]$







Fig. 8Chage ohnitial configuration
of rod










$D_{\phi_{0}} \Gamma\cdot U=\{\begin{array}{l}0\{\frac{dU}{dS,\{}E_{1}\frac{dU}{dS}\cdot E_{3})E_{2}\}\cdot\Gamma\frac{dU\cross}{dS}-(\frac{-(dU}{dS}\cdot E_{3})E_{3}\}\cdot\Gamma\end{array}\}-Q^{t}\frac{dU}{dS}-(\frac{dU}{dS}\cdot E_{3})\Gamma$ (28)
(20) $\kappa$ $U$
$D_{\phi_{0}} \kappa\cdot U=\{\begin{array}{l}0\mathrm{t}_{\frac{dU\cross}{dS}-(\frac{-(dU}{dS}\cdot E_{3})E_{3}\}\cdot\kappa}^{\frac{dU}{dS\{}E_{1}\frac{dU}{dS}\cdot E_{3})E_{2}\}\cdot\kappa}\end{array}\}-(\frac{dU}{dS}\cdot E_{3})\kappa$ (29)
(25) $u$
$\Psi$ $U$
$N(\phi_{0}+U, \phi+u, \exp(\Psi)\Lambda;\eta, \theta)\approx N(\phi_{0}, \phi, \Lambda;\eta, \theta)$
$+D_{\phi_{0}}N(\phi_{0}, \phi, \Lambda;\eta, \theta)\cdot U+D_{\phi}N(\phi_{0}, \phi, \mathrm{A};\eta, \theta)\cdot u$






$\phi_{0}^{h}(\zeta)=N_{1}(\zeta)X_{1}+N_{2}(\zeta)X_{2}$ , $\phi^{h}(\zeta)=N_{1}(\zeta)y_{1}+N_{2}(\zeta)y_{2}$ (.31)
$X_{a}$ , y $a$
$N_{a}$

























1st mode 2nd mode 3rd mode





Fig. 12 2 3






Fig. 11 Tip displacement versus Fig. 12 Tip displacement versus
applied load for 1st applied load for 2nd and





Fig. 13 Fig. 15








Fig. 13 Large deformation problem Fig. 14 Deformed shape of arch
of parabolic arch under monotonic loading
Fig. 15 Strange deformed shape of arch Fig. 16 Top displacement versus
by ALE calculation applied load for unloading
process







Fig. 15 .$\cdot \mathcal{T}$
Fig. 18 Fig. 14
Fig. 14
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